Summary Two human colon cancer xenografts (EC and AC) were established in tissue culture only after long-term passage in nude mice. Earlier attempts to establish cell lines were unsuccessful. The epithelioid cells retain their tumourigenicity after in vitro growth, giving rise to tumours with a take rate of 60-80%. After reimplantation, the xenografts retain a similar morphology to that of the original human tumours. Both cell lines show human karyology. (Merenda et al., 1975; Katsuoka et al., 1976; Rae-Venter & Reid, 1980) . It is, however, important to establish the human origin of such a cell line, since a number of recent studies have shown that murine sarcomas can be induced in host tissues adjacent to xenografts (Tveit et al., 1980; Goldenberg & Pavia, 1981; 1982; Beattie et al., 1982; Staab et al., 1983 
Success in establishing long-term tissue culture lines from surgical specimens is unpredictable since so many factors (condition of tissue, hormone and nutrient requirements, etc.) are uncontrollable. Our experience over the last few years with pancreatic, bladder and renal tumours (Grant et al., 1979; Matthews et al., 1982) has shown that xenografting tumour tissue into nude animals is more successful that immediate in vitro culture. Tissue culture cells lines can often be established from these tumour xenografts, suggesting that repeated passage in nude animals may select properties which permit growth in vitro. Similar observations have been made by other groups (Merenda et al., 1975; Katsuoka et al., 1976; Rae-Venter & Reid, 1980) . It is, however, important to establish the human origin of such a cell line, since a number of recent studies have shown that murine sarcomas can be induced in host tissues adjacent to xenografts (Tveit et al., 1980; Goldenberg & Pavia, 1981; 1982; Beattie et al., 1982; Staab et al., 1983) .
We report here the growth of two colonic xenograft tumours as established cell lines in tissue culture only after 10 
Materials and methods

Xenografts
Primary xenografts of human colonic (EC, AC) tumours were grown and passaged as previously described (Davies et al., 1981) (Grant et al., 1979) , HT29, a colon carcinoma cell line (Fogh & Trempe, 1975) and MDA-157, a breast carcinoma derived cell line (Young et al., 1974) were cultured under the same conditions. All cultures were routinely screened for mycoplasma using the Hoechst 33258 fluorescent DNA staining technique (Chen, 1977) , after 4 weeks culture in antibiotic free medium.
The tumourigenicity of the cell lines was determined by inoculation into nude mice. Five million to 5 x 107 cells were injected s.c. into the pre-sternal region through a puncture in the left groin.
Karyology
Six ml of fresh medium was added to early passage cultures nearing the end of log phase growth 6h before the addition of 1 ml 0.02% (w/v) colchicine (Sigma) in PBS. After further incubation cells were detached with 0.02% (w/v) EDTA, washed twice, swollen in 75mM KC1 for 5min at 37°C and fixed at 0°C with 4 changes of methanol/acetic acid (3:1 v/v). Impact spreads were hot plate dried, stained with Giesma (Extra rapid R. Lamb) 4% v/v in phosphate buffer at pH 6.8 (Gurr buffer tablets BDH), dehydrated, mounted in Eukitt and photographed under oil immersion. Modal chromosome numbers were compiled from 30 early metaphases per cell line.
Glycoprotein analysis Confluent monolayers of cells (4 x 75 cm2 flasks)
were washed 3 times with calcium and magnesium free PBS and detached with 0.02% (w/v) EDTA in calcium and magnesium free PBS. The cells were pelleted by centrifugation (200 g for 5 min) and extracted in 50,ul 9.5 M urea, 2% (v/v) NP 40, 5% (v/v) 2-mercapto-ethanol, 1.6% (w/v) ampholines) (pH 5-7) 0.4% (w/v) ampholines (pH 3.5-10) and 1 mM phenylmethylsulphonyl fluoride per 106 cells for 5 min at room temperature. (This buffer system, even without the serine protease inhibitor, was found to result in essentially no artifactual protein modification - O'Farrell, 1975) .
Nuclei were removed by centrifugation at 1000g for 10min and after adjusting the supernatant to 1% w/v SDS it was either applied directly to an isoelectric focussing gel or stored at -70°C. Fifty microlitre samples were focussed in 120 x 2 mm gels of 4% (w/v) acrylamide containing 9.5 M urea, 2% (v/v) NP 40, 1.2% (w/v) ampholines (pH 5-7) and 0.8% ampholines (ph 3.5-10) for -7000Vh. These gels, together with aliquots of the original extracts, were electrophoresed in a second dimension (5% [w/v] Koch & Smith (1982) . Transfer of the proteins from twodimensional gels onto nitrocellulose sheets and detection of Concanavalin-A (Con A) binding glycoproteins with horseradish peroxidase was performed essentially as described by Clegg (1982) . Two-dimensional protein maps were electrophoretically transferred onto nitrocellulose sheets at 36 V overnight in a Biorad Transblot containing 150mM glycine and 20mM Tris in 20% (v/v) methanol. Unoccupied binding sites in the nitrocellulose sheet were blocked with 0.05% v/v Tween 20 in PBS for 1 h (Batteiger et al., 1982) . All subsequent steps were carried out in 0.5% (w/v) Triton X-100 in PBS containing calcium and magnesium chloride both at 10M. Sheets were washed, incubated in Con A (10ugml-1) for 1h, washed 5 times and incubated in horseradish peroxidase (50igml-1) for 1h. Peroxidase-Con Aglycoprotein complexes were detected with 3-amino-9-ethylcarbazole as the substrate and the colour reaction stopped by washing with H20. When incubated with Con A and 2% (w/v) methylmannoside, instead of the lectin alone, no spots were detected -confirming the specificity of the detection system. Formal comparisons of the maps were made by examination of superimposed photographic negatives from parallel runs as described by Kock & Smith (1982) . Comparison of our results with published data indicated that the different detection procedures had similar sensitivities. The sensitivity of the peroxidase method is in the nanogram range for typical glyco-proteins (Clegg, 1982 Islands of epithelioid cells grew out of both the colon carcinoma xenograft tissues (AC and EC) and could be subcultured after 2-4 weeks. Thereafter, EC and AC grew as islands of epi- These tumours grow at the same rate as their original xenografts; AC can be passaged after 6-8 weeks and EC after 10-12 weeks, and their morphology is similar to that of the original tumour tissues (Davies et al., 1981) .
Three of the established cell lines studied (GYL, GER, Figure 3a were strongly detected in the maps shown in Figure 3b intensity in the maps in Figure 3e and f (one small variation in the first group was the presence of a pair of single glycoproteins rather than doublets in the extract of HT29 [ Figure 3c] ). It seems possible that the similarity of the maps for AC, EC, HT29 and GER (Figure 3a-d) may be due to their origin in the gastrointestinal tract (three colon carcinomas and one pancreatic carcinoma) in contrast to the maps of GYL and MDA (Figure 3e and f) which were derived from renal and breast carcinomas respectively.
Discussion
In this study two human colonic cancers, which initially could only be grown as xenografts in nude mice (Davies et al., 1981) , were subsequently established as cell lines. However, in vitro growth could only be maintained after 10 or more passages in nude mice, suggesting that repeated passaging of xenografts selects cell populations which are capable of in vitro growth. In other respects, these cell lines appear to be similar to the initial xenografts since they retain their tumourigenicity after in vitro culture and produce tumours with similar growth rates and morphology to those produced by continuous in vivo passage (Davies et al., 1981) .
It is, however, important to establish the human origin of such a cell line since a number of groups (Goldenberg & Pavia, 1982; Beattie et al., 1982; Staab et al., 1983) have found murine sarcomas induced in host tissue adjacent to human xenografts. Together with their ability to retain tumourigenicity with comparable growth rates and morphology to the parent tumour, chromosome analysis of EC and AC showed no evidence of contaminating mouse chromosomes. Additionally, each cell line was characterised by its Con A glycoprotein map.
The comparative mapping of Con A acceptor glycoproteins provided a fingerprint characteristic of each colon cancer cell line (AC and EC) which we could then compare with other wellcharacterised human cell lines. This technique has given unique maps for a panel of murine tumour cell lines (Koch & Smith, 1982) and has also been reported to give stable patterns with human tumour cells . Two-dimensional maps of the Con A binding glycoproteins of established cell lines HT29 and GER were included in these 'earlier reports. The maps presented here are similar to those published previously, despite the different techniques used to detect the glycoproteins. In comparing the various levels of homology for a large number of murine tumours, came to the conclusion that the patterns observed for any cell line were related to the class of tumour from which it was derived. It is interesting in this respect that in our study glycoprotein patterns of the colon cancer cell lines (AC and EC) were very similar to those shown by an established colon cancer cell line HT29. Furthermore, the maps of the Con A binding glycoproteins of the three colonic carcinomas and one pancreatic carcinoma had more similarities with each other, than with the renal and breast tumour cell lines, suggesting that the maps may be dependent on embryonic origin, detecting glycoprotein expression restricted to certain differentiated states.
These data provide substantial evidence in support of the human origin of the cell lines. Where cell lines can only be established from xenograft tissue it is important to provide such evidence, a problem which may be vitiated by host-tumour interactions.
